For a long time, Nigeria the most populous country in Africa, has maintained a 3-tier health care system. The primary care level, usually the first point of contact between the patient and the health care delivery system, is formed mainly of public health clinics and centres, dispensaries, private clinics and maternity centres. At the next level are hospitals of all forms (general, cottage, and mission). Although many patients enter this level directly, ideally it should handle referrals from the first level. The tertiary level includes the teaching as well as the specialist hospitals.
Health institutions at the various levels have, for quite some time, laid emphasis on the curative aspect of health care, giving little or no attention to prevention when, ironically, most of the diseases in Nigeria are preventable. This later dawned on the government of Nigeria and in the first national development plan (1962-68) a policy statement was included to the effect that "permanent improvement in the nation's health cannot be acquired by clinical medicine alone. There must be a steady advance in all factors which contribute towards healthy life -good water supplies, housing, sanitation, nutrition and conditions of work" (pp. 23-24) . But as the second plan admits, the hope to move from over concentration on curative services was never realized during the first plan period. Not only-was allocation to health programmes deficient, but "its distribution between curative and preventive services did not take into consideration the nature of the problems involved. Where preventable diseases account Vol 7, No. 2, April-June, 1982 119 for a large proportion of morbidity and mortality, as in Nigeria, preventive services should be the focus of the health policy" (p. 248). In spite of this, the allocation of resources in the second plan did not remove the anomalies. As a matter of fact, during 1970-74, the budgeted capital expenditure on curative services was more than four times than that budgeted for preventive services.
The third plan and the health sector
By the time the third plan was designed, Nigeria with the help of the World Health Organization had set the goal of '"Health for all by the year 2000." The idea was to achieve this by the provision of primary health care throughout the country by the Basic Health Services Scheme (BHSS). These services were to be provided by a network of health clinics, primary health and comprehensive health centres based in the communities and villages close to the people. The institutions would be served by personnel, with appropriate community health training from the state schools of health technology and from the medical schools.
Despite impressive advances (see Table 1 ) the problems of the health sector at the time the third plan was launched still remained basically the same as before with shortage of personnel in all categories, inadequate health institutions, uneven distribution of health facilities and institutions, inadequate preventive health services, and poor management and utilization of health institutions.
In order to solve some of these problems, the third plan contained certain health policies and objectives and the governments -state and federal -were expected to play a major role in implementing them. This was to include: the expansion of existing hospitals and the construction of new ones, to expand and produce new cadres of health personnel, the implementation of supporting health programmes which include the construction of pharmaceutical and drug manufacturing laboratories and medical stores; and the pursuance of the Basic Health Services Programme (BHSP). The planned allocations under the third plan period by both the governments were: 54 per cent for hospital programmes (primarily curative); 29 per cent for Basic Health Services (emphasis on preventive); 9 per cent for training programmes; and 8 per cent for supporting health programmes.
Thus, during the third plan, the governments had planned not only to spend more absolutely but also relatively on preventive bias health services. The percentage allocation to this aspect of the health care delivery system which was only about 17 per cent in 1970-74 was expected to rise to 29 per cent during the third plan. Out of the N 219 million budgetted for BHSP the federal government was expected to spend N 51 million to finance primarily the establishment of the necessary infrastructure for the control of malaria throughout the country. The balance was to be spent by the states for providing 285 comprehensive health centres, 1,130 health centres, 5,625 health clinics, 1,410 mobile health clinics, and also for 21,960 beds in those new health institutions.
By the end of the third plan, the achievements in the health sector, especially with regard to primary health care, fell far short of the planned programmes. The total amount spent by the governments for the health sector during the plan period was 20 per cent below the planned expenditure of N 760 million. Obviously this shortfall adversely affect the primary health services programmes. For instance, only 84 mobile clinics out of the planned 1,410 had started operating by the end of the plan period. However, most states had started the training of community health officers, nursing assistants, and health aides. Although the governments have a laudable charter of primary health care delivery programmes, they have not been able to achieve any remarkable success even by the end of the last plan period.
Primary health care under the fourth plan period
The major problems of health care in the fourth plan period have remained the same as before except that they have diminished in severity in some cases and have assumed different forms in some others. The main Vol. 7, No. 2, April-June 1982 government policy and objective under this plan period is the provision of a comprehensive health care system offering promotional, protective, restorative, and rehabilitative services to an increasing proportion of the population. To this end, a National Comprehensive Health Care Scheme is to be formulated and developed at three levels:
1. Primary or basic health care to provide basic health services delivered in health centres, clinics, and out-patient departments of hospitals in rural, sub-rural, and urban areas.
2. Secondary health care to provide health care services, a part of which is to be pro vided in hospitals. It will also offer referral services to support the basic and the specialist services for the individuals.
3. Tertiary health care to be given in specialist and teaching hospitals and in stitutions to support the basic and secondary levels of health care.
The mainstay in the implementation of the policies under the current plan is the Basic Health Services Scheme whose objectives are:
1. The provision of adequate and effective primary health care for the entire population. The goal is to achieve 80 per cent coverage by 1985 and 100 per cent coverage by 2000.
2. The correction of imbalances among preventive programmes such as immunization, health education, maternal and child health, family planning, environmental health ser vices, nutrition, and communicable diseases control.
3. To use the Local Government Area (LGA) as the basic implementation unit and the Federal Ministry of Health as the central coordinating agency.
The scheme is based on one Basic Health Unit (BHU) in each of the 303 LGAs. Each unit is expected to cater to about 50,000 individuals through several large comprehensive health centres with 90 beds each, smaller primary health centres, health clinics, and mobile health clinics.
In order to achieve the objectives of the scheme, innovative training programmes are to be introduced. These will include the shortening of the length of formal training given to different categories of health workers, onthe-job training and in-service training. Community health agents are to be used to augment auxiliary manpower. Such agents are to include-village agents used as volunteers or on part-time basis to carry out simple tasks; traditional practitioners especially Traditional Birth Attendants (TBAs); and community health leaders who can organize environmental sanitation and hygiene practices. In order to man the primary health care institutions, the governments intend to train new categories of health workers such as the community health aides, assistants, and superintendents. In addition to this, the plan is to develop and extend hospital services, control preventable and other diseases, create health management boards so as to utilize the health institutions more efficiently and engage in medical research and health planning.
The three tiers of the government in the country-federal, state, and local -will be involved in the implementation of the health sector's programmes. The total capital expenditure planned for the period is N 3,080 million indicating an increase of about 300 per cent over the previous plan. Out of this total, federal government will spend 40 per cent, state government 50 per cent and local governments 10 per cent.
The breakdown of each government's total expenditure among the various activities is shown in Table 2 . As compared to the earlier plan, the major departures are:
1. The relative allocation to the hospital programmes has gone down from 53 per cent to 43 per cent, indicating a further lowering of priority to curative efforts.
2. Although the relative allocation to pri mary health care has stagnated, the absolute allocation has increased by about 300 per cent.
3. For the first time, it has dawned on the federal and state governments that the local governments ought to be more acti vely involved if the primary health care programme is to succeed. The local govern ments are expected to lay the required in frastructure for the execution of the BHSS. The specific projects they are to undertake include the construction of basic health cli nics, maternity centres, dispensaries, purchase of mobile clinics and ambulances, generators and other supporting equipments. Other pro jects include the re-activation of existing health facilities and establishment of infectious dis eases clinics. 722 Vikafpa 4. The recruitment of village volunteers also seems to be a departure over the earlier practice.
By this, the plan aims at a wider coverage of the population and increased accessibility and affordability of the health services. Towards realization of the objectives of the primary health care scheme
Although by involving the LGAs, which are closer to the people, one expects that by the end of the plan period (1985) , the BHSS should be more successful than under preceding plans (assuming of course, that most of the planned projects are executed). Ne.vertheless, for total success of the BHSS certain factors ought to be taken into consideration while implementing the current plan.
Availability and optimal allocation of resources are as important as proper planning. Construction of health facilities, purchase of drugs and equipments, and training of necessary cadres of personnel would require considerable expenditure on the part of the states. Given the nature of the BHSP, the funding will, by and large, be done by the federal and state governments. Considering the importance of making available funds to the state governments in time, any bureaucratic delay should be avoided.
The question of optimal allocation of the acquired resources must be solved by each state, because even if resources are available their inept utilization would make the programme unsuccessful. If the health resources are not optimally allocated, some of them will be overutilized while some others might be underutilized. The siting of the health facilities should be such as to maximize population coverage. In this, the population of a town or village should not be the only criterion. Some of the other factors to be considered are the health status of people in each area, the present availability or otherwise of health facilities, the population of and distances between neighbouring villages and towns, etc.
BHSP intends to take health care to the doorstep of the patient, which means that primary health care centres should be as widespread as possible. Most of these units will Vol. 7, No. 2. April-June, 1982 be manned mainly by allied trained health workers. There is, however, the problem of public acceptance of these workers. For, if t h e p u b l i c d o n o t a c c e p t t h e c a p a b i l i t y of the health workers, they would by-pass those primary health institutions which do not have medical doctors thereby defeating one of the main objectives of BHSP.
Unfortunately, in most discussions of the BHSP, not much thought seems to have been given to this problem. To gain the patient's acceptance of the expanded role given to the allied health workers under the BHSP, the planners should make efforts to bring the patient into focus. This could be done through public education, by various governments publicising the objectives and advantages of the BHSP, and by impressing upon the population that the allied health workers in the BHU are as capable as the doctor in handling most health problems. The referral aspect of the system should also be emphasized to make the patient realize that in the new system, cases that cannot be effectively treated at the health centres would automatically be transferred to the more sophisticated units.
One factor that will foster the patient's acceptance of the expanded role of the allied health workers is his assurance that the quality of care will not go down. This means that there is need to measure and control the quality of care given at the primary health care institutions where there are no resident doctors. There are two ways of doing this. One is the "outcome-of-care-approach," which involves waiting to see what actually happens over time to the patients treated at such primary care units and then judging the quality of care delivered on the basis of the outcome. There are at least four major drawbacks in this approach. There is at first the problem of deciding what outcome measures to use; if there are many, how should they be aggregated ? Even if both these problems are solved, there is the problem of not being able to assess the quality of care immediately because of the time delay before some outcome measures can get manifested. Also, after an out-come measure has become manifest, there must be a standard to compare it with. These are no easy problems to resolve.
A second approach, and the one we recommend, can be referred to as the "process standard approach." It involves the examination of processes/procedures followed by the allied health workers in the provision of health care or in examining patients. This could be done by medical doctors on their clinical rounds or scheduled visits to the health institutions without doctors. This is analogous to the quality control function performed in a commodity producing firm and may be done to ensure the "reasonableness" of care given by the allied health workers. It is not necessary for the experienced medical personnel to audit all procedures/processes or re-examine all the patients examined by the allied health workers. Rather, a sample may be selected and observations made to estimate the extent to which the quality of care has been affected. If doctors certify the quality of care given by the allied health workers at the primary health care institutions, the patient's acceptance of the expanded role of allied health workers will be easier. This will, in turn, contribute in no small way to making the BHSP a success. Referral of patients from one level of the primary care sub-system to another is a major aspect of the BHSP. In spite of its importance in the successful implementation of the programme, it seems that no communication rules and patterns have been formally established for achieving an effective referral system. No clear guidelines have been given to help health workers decide whether or not to refer a patient to the next level of the subsystem, nor are there rules to guide the receiving health institution when a patient arrives with a referral note. Even after a referral patient has been examined, there is no rule that requires the receiving institution to send a report back to the source of referral. Without such feedback, primary health institutions will have incomplete files and will not be able to follow up on the health status of referred patients. Federal and state governments must, 724 therefore, take a more careful look at the referral aspect of the BHSP and formulate the necessary guidelines for health workers and doctors.
A good road network and transportation system will also help in achieving efficient referral system. Nigeria is a large country with an under-developed road network. Much of its population is rural, and during the rainy season major transportation problems arise. Since a good road network and transportation system play significant roles in the successful implementation of BHSP, it is very important that the state government should intensify construction of rural roads.
Another important factor that could enhance the successful implementation of BHSP is a sound monitoring system. The components of the BHSP are new health facilities and it is necessary to monitor their performance from time to time in order to see to what extent their current set up is facilitating or hindering the achievement of the stated objectives. One of our major objections to the way some states have been implementing the BHSP is their failure to set up pilot schemes before they embark on the construction of the various primary health care institutions all over the state. This has made it impossible to evaluate the performance of a BHU. Since some states that had pilot schemes did not have the components of the BHU in the same LGA, the scheme also could not facilitate a careful evaluation of the BHU. Ideally, therefore, what each state ought to have done before the construction of the primary health units in the states was to have selected an area (an LGA) where the various components of a BHU would have been constructed. The experiences of such related components of a BHU would have been vital for the evaluation of the expected operations of the primary health institutions. Even now, it is not too late for those states that did not have pilot schemes to start monitoring the performance of the components of the BHUs already constructed in the state. The results of the monitoring exercise could provide useful data to review or evaluate the Vikalpa success and failure of the BHSP. Another point of importance is a good information system. There are many health institutions in Nigeria that do not collect and keep good records on their patients and other aspects of their organization. Even where records are kept they are either not easily retrievable or the institutions do not make use of the data. Experts should be invited by the various state governments or by the federal government to design an efficient information system for the primary care sub-system. They should recommend what kinds and formats of records should be kept at each component of a BHU, how data should be periodically extracted from the records, to what use they are to be put, and how records should be filed for easy access.
A final factor, crucial to the successful implementation of the BHSP is the efficient and effective operation within each component of a BHU. Efficient and effective utilization of resources will depend on the operational policies of the institution. These relate to the scheduling of a clinic and its patients, the sequencing of tasks and some other organizational aspects. The patients may wait for a long time before they receive health care or the personnel at the institution may be overworked, not as a result of patient load or inadequate personnel, but because of the faulty operational policies adopted at the institution, as was confirmed by one of our studies.
Our initial observations of the activities of a health institution showed that patients were delayed for long periods before they were examined. The workers there attributed this to inadequate staff. However, when we simulated the activities of the centre and tested alternative operational policies, we found that the centre was adequately staffed and that the adoption of some alternative operational policies would enable the current staff mix to see at least 75 per cent more patients than before.
The importance of the design and adoption of appropriate operational policies at the various components of a BHU was confirmed by the optimization-simulation model of a rural health centre in Nigeria designed as part of this study.
Relative utility of the models
The optimization model was used to characterize the centre as a multi-product firm and has been utilized in the study to determine, among other things, the capacity of the centre that can be achieved through an optimal delegation pattern. The utilization of the model at the aggregate (centre) level shows that the potential capacity is about three times the current patient load. However, the analysis at that level does not take into consideration the fact that certain clinics are run within the centre to cater to certain categories of patients.
Rather, the implicit assumption at this level of application of the model is that antenatal and ICW patients (old and new), and immunization patients are those with just some health conditions like the OPD patients. Obviously, this is not the case and hence the result of the optimization model at the aggregate level would, no doubt, "blow up" the potentials of the centre.
The application of the optimization model at the clinic level can be seen as a way of removing the major shortcoming of the model when applied at the aggregate level. The results of the application at this level should, therefore, be expected to be more meaningful in exhibiting the centre's potential capacity. This has been found to be the case in this study. The optimization model is more realistic when applied at the clinic (sub-system) level than at the centre (system) level. The results of the application at the clinic level show that the potential capacity of the centre is only a little over twice the current patient load.
In spite of the more plausible result derived from applying the optimization model at the clinic level, such results can only be an upper bound on the potential capacity of the centre/ clinics. This is primarily due to the fact that optimization models, in general, are usually not able to incorporate the complexities as well as the stochastic aspects of the provision of care in a health practice setting. These aspects can be easily handled by using simulation models. This partly explains why a simulation model has been used to complement the optimization models.
In the study, the simulation model has been found to be more useful not only because of the reason given above, but also because it enabled us to explicitly consider the dynamic implications of an increase in the patient load. These implications could not have been seen by using the optimization models alone. Finally, the application of the simulation model made it possible to test alternative operational policies. This we consider to be very important because it afforded us an opportunity to predict the effects of some identified alternative operational policies on the observed "bottlenecks" at the centre/clinics.
It is important to emphasize, however, that although we found the simulation model to be more useful in the study, both modelling approaches (optimization and simulation) have played different roles. Whilst the optimization models provided useful insights into how the capacity of the centre/clinics can be increased through appropriate delegation patterns, the simulation approach has been used to demonstrate how this can be achieved through appropriate operation policies.
Appendix An optimization-simulation model of • rural health centre in Nigeria
Inefficiency and ineffectiveness are the two major problems of the health units in Nigeria. These defects are usually attributed largely to inadequate health resources, especially human resources. The purpose of this study was to determine the extent to which misallocation of human health resources (in attending patients) and inappropriate management policies, rather than inadequate personnel, are responsible for the centre's ineffectiveness and inefficiency. Based on the data collected on the patients served, personnel and operational policies for the management of the system and the sub-systems were determined.
Altogether over 3,000 patients with over 80 health conditions were seen through the centre and about 240 "technologies" were observed for handling the case load and mix.
A schematic representation of the model used is given in the diagram.
Level 1

Given:
a) the alternative technologies on manpower combinations for attending to each health condition treated at the centre; b) the demand mix and load facing the centre (as observed); and c) factors like the cost of each type of personnel used and indicated time available for direct patient by all the personnel in each group.
Determine:
a) if the current staffing pattern is adequate or not; b) the appropriate patient delegation pattern in order to minimize the total cost of health workers used at the health centre; and c) the marginal productivity of each category of workers.
Level 2 Given:
(a), (b), and (c) as for level 1 but at the clinic level.
Determine:
(a), (b) and (c) as for level 1 but at the clinic level.
After solving the optimization models for levels 1 and 2 their results were compared to see the extent to which the disaggregation at level 2 has affected the personnel time requirements, the patient delegation pattern, the capacity of the centre given the current staff mix, etc.
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Two sets of optimization models were used at both levels 1 and 2. The first set was a minimization (of cost) models and the other was a set of maximization (of the number of patients with the various health conditions attended to) models. Both sets took into consideration only the human resources at the centre under study. Thus, space, examination rooms, etc., were not considered as constraining resources.
Level 3
The simulation model was used to evaluate the extent to which some alternative operational and management policies that were discussed with some senior health workers at the centre would improve the centre/clinics operational efficiency and effectiveness.
Level 4
Again, at this level, the simulation model was used to check whether efforts directed towards improving the flow of patients of a clinic could be thwarted when those patients get to points (outside the clinic but within the centre) where they share resources (personnel) with patients from another clinic. It was also used to evaluate the dynamic impact of an increase in case-load at the centre.
Major results of the application of the models A number of conclusions have been drawn from the applications of the models at the aggregate (centre) and micro (clinic) levels.
The most important result of the optimization model is that:
1. At level 1, as a result of misallocation of personnel to patients, the centre is currently seeing only onethird of its potential capacity, given the current staff mix. Because of this the potential of the centre/clinics is only twice the current patient load.
2. The results of the simulation runs at both the centre and clinic levels have shown that the present opera tional policies at the centre/clinic are contributory to the inefficiency and ineffectiveness observed; and the alternative operational policies that could improve the operations include: 3. The efforts to improve performance in one clinic (by the adoption of any of the alternative policies) are not likely to be thwarted by interaction among clinics held on the same day.
4. Results of some additional simulation runs have also shown the dynamic implications of increasing the patient load to reach the potential capacity determined from the optimization models. The results of the simu lation of the current policies, under assumed increases in patient load show that: a) such increases would not be possible except when they are followed fey changes in operational policies.
Even when necessary changes in operational policies are made, the run results have shown that the "accommodatable" increases in patient load would vary with the day of the week. For Monday, when only OPD patients are seen, an increase of 75 per cent might be about the maximum possible increase while for Tuesday, up to 100 per cent increase could be achieved. This variation (from day to day) in the accommodatable percentage increase in patient load is missing from the optimization model. Its level 1 results show a possible 200 per cent increase while its level 2 results put it at 100 per cent. In both cases, "across-the-board" (i.e., for all days of the week) increases are expected.
b) The extent to which changes in operational poli cies could be expected to increase the capacity of the centre/clinic is far less than that indicated by the result of the optimization models at level 1 (as achiev able through proper allocation of personnel) and a little less than that indicated by level 2 results. c) Increase in patient load, even with changes in operational policies, would lead to increases in mean waiting times at various personnel-patient encounter points and also to increase in the closing time at the centre/clinics.
One major implication that comes from the results of both optimization and simulation analyses is that the cause of the centre's bottleneck problems is not inadequate personnel but misallocation of personnel to patients as well as the current operational policies adopted at the centre/clinics. Although this model was designed from the Nigerian experience in a rural health centre the inferences to be drawn from the study as well as the lessons learnt from the basic health services programme in Nigeria are well applicable to other countries.
